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ABSTRACT 
Listeria monocytogenes (L. monocytogenes), Salmonella, and Escherichia coli 

O157:H7 (E.coli O157:H7) all pose a significant threat to food safety across the 

United States (U.S). Policies in place help diminish cross-contamination onto 

foodstuffs, but prevalence of these organisms has not diminished. Lactic acid bacteria 

(LAB) have been regarded as Generally Recognized as Safe by the U.S. Food and 

Drug Administration (FDA), allowing them as food additives. The antimicrobial 

properties of LAB are well known, but innovative ways to utilize LAB strains in the 

food industry need to be further explored. The objective of this study was to assess 

Lactobacillus salivarius (L28)’s ability to inhibit foodborne pathogens in a variety of 

matrices, which include stainless steel, dry pet food, and human colorectal epithelial 

adenocarcinoma cells (Caco-2). The experiment was divided into three parts; 1.) 

Reduction of L. monocytogenes attachment on stainless steel utilizing L28 at different 

temperatures and concentrations and its efficacy as a pre-treatment to prevent future 

attachment, 2.) Examination of the fate of Salmonella spp. present in raw chicken fat 

for pet kibble coating in tandem with L28 biocontrol agent, and 3.) Examination of the 

displacement of Salmonella and E. coli O157:H7 on caco-2 cells by L28.   

During the first phase of the project, stainless steel coupons were inoculated 

with L. monocytogenes for 24h at 12°C and 25°C, the coupons were treated with 

various concentrations of L28 for 24h. Consequently, L28 significantly (P<0.05) 

inhibited L. monocytogenes attachment at both temperatures and at most 

concentrations. After the reduction was noted, stainless steel coupons were pre-treated 

with L28 at the same concentrations and temperatures, then inoculated with L. 
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monocytogenes for an hour. All pre-treatment concentrations significantly prevented 

L. monocytogenes attachment at 25°C, only the high concentration overnight cultures 

were able to provide significant inhibition at 12°C. 

For the second phase of the project, raw chicken fat was inoculated with a five-

strain cocktail of Salmonella to mimic Salmonella contamination. The Salmonella 

inoculated chicken fat was assigned to one of two treatments in which half was 

inoculated with L28, and the other half served as the control. The chicken fat was 

applied onto the kibble and homogenized in a tumble drum, the target concentration of 

L28 was 106 CFU/lb of kibble. The kibble was allowed to dry for 4h, then the samples 

were stored at 25°C for 72h. Time points were plated for Salmonella enumeration at 

0h, 4h, 24h, 48h, and 72h for the chicken fat and 0h, 4h, and 72h for the pet kibble. 

L28 was unsuccessful at inhibiting Salmonella in raw chicken fat 25°C during the 72h 

period. Salmonella counts per gram of chicken fat at the zero hour timepoint did not 

differ statistically (P>0.05) from the seventy-two hours timepoint for the control or the 

treatment. L28 was effective at inhibiting Salmonella on dry pet kibble stored at 25°C. 

At each timepoint, 0h, 4h, and 72h L28 treatments showed significant Salmonella 

reduction (P<0.05) when compared to their respective control. 

Lastly, human epithelial adenocarcinoma ATCC cell line, caco-2, were grown 

to confluency and seeded into 24-well plates. The target density for the caco-2 cells 

was 5.0 x 104 cells/well. The treatment groups consisted of Salmonella control, E. coli 

O157:H7 control, L28 control, L28 and Salmonella co-inoculation and L28 and E. coli 

O157:H7 co-inoculation. Samples were incubated at 37°C for 30 min, the caco-2 cells 
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were rinsed, detached and lysed. Samples were then plated for enumeration. Bacterial 

counts were reported as number of bacterial cells per 100 caco-2 cells. Results showed 

significant differences (P<0.05) between the Salmonella control and treatment means, 

showing significant reduction from our L28 treatment. Escherichia coli O157:H7 

attachment to caco-2 cells did not differ between the control and treatment groups 

(P>0.05). Lactobacillus salivarius attachment onto caco-2 cells was not significantly 

impacted (P>0.05) by the presence of Salmonella or E. coli O157:H7.  

Overall, L28 was successful at inhibiting and preventing L. monocytogenes 

attachment onto stainless steel at both 12°C and 25°C. L28 was also successful at 

inhibiting Salmonella on dry pet food coated with chicken fat when applied in tandem. 

Furthermore, L28 was successful at inhibiting Salmonella but not E. coli O157:H7 on 

caco-2 cells. The results of these projects suggest potential for Lactobacillus salivarius 

(L28) as a biocontrol agent to further improve food safety directly or indirectly. 
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CHAPTER I 

LITERATURE REVIEW 

 

Food Safety  

Food safety is defined as the reasonable certainty that no harm will result from 

intended use under the anticipated conditions of consumption of food (49). Food 

safety includes proper handling, preparation, storage and transportation of food 

products. When these conditions are not met, food products might become unsafe, 

ultimately leading to disease. Foodborne diseases are an important cause of morbidity 

and mortality worldwide, but the full extent and cost of unsafe food remains unknown 

(43). Foodborne illnesses arise when a consumer ingests a food or water source 

contaminated with harmful microorganisms. Everyone is at risk of contracting a 

foodborne illness, but certain populations are at greater risk of severe illness or even 

death (69). Those at risk include pregnant women and their unborn baby, the elderly, 

the immunocompromised, young children and infants (63). According to the World 

Health Organization, one third of all foodborne-related deaths occur in children under 

the age of five (75). In the United states, it is estimated that 1 in 6 people will contract 

a foodborne illness yearly, roughly 48 million, of these, 128,000 will require 

hospitalization and 3,000 die as a result (10, 69). Of the 48 million foodborne illnesses 

yearly in the United States, 9.4 million illnesses come from 31 major foodborne 

pathogens through food products. Norovirus causes the most of these illnesses (58%), 

followed by nontyphoidal Salmonella spp. (11%) and Clostridium perfringens (10%). 
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The leading causes of foodborne hospitalization being nontyphoidal Salmonella 

(35%), norovirus (26%) and Campylobacter spp. (15%). Nontyphoidal Salmonella is 

also responsible for the most deaths (28%), while Toxoplasma gondii was second 

(24%) and Listeria monocytogenes being third (19%) (63). It is estimated that over 

fifteen billion U.S. dollars are lost every year due to foodborne illnesses (64). 

Microbial contamination is at fault for the estimated loss of 10-50%  percent of 

agricultural production, especially grains and vegetables (72). 

Food products can become contaminated during any point in the food supply 

chain. Factors leading to the production of unsafe food include environmental 

contamination of raw ingredients, transportation of raw materials, improper food 

conditioning, not cooking foods to required temperatures, food packaging and unsafe 

transportation and storage (48). Contaminants can be classified into three categories: 

chemical, biological and physical. Chemical contaminants often include sanitizing 

agents, pesticides and harmful chemicals from unsafe plastic food containers. Physical 

hazards include a variety of hazards that can cause injury or choking such as glass or 

metals, pests, jewelry and hair (3). Biological contaminants includes bacteria, viruses, 

fungi along with organic residues from these organisms (72). These contaminants, if 

ingested, can lead to harm and disease for consumers (79).  

Bacteria are ubiquitous in nature, making it impossible to maintain food 

processing facilities free of microbes. A food-contact surface is any surface that may 

come into contact with exposed food products, many food-contact surfaces in the food 

industry are made out of stainless steel. Examples include utensils, cutting boards, 
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flatware, tables, and highchairs. Also included are surfaces onto which food may drip, 

drain, or splash, such as the inside of a microwave oven or refrigerator (37). Food 

contact surfaces are particularly important since they often are sources of 

contamination. When undertaken in an appropriate matter, sanitation programs in the 

food industry have been proven to be cost-effective and easily managed, this 

significantly reduces the risk of microbial contamination on food contact surfaces (30, 

37). It is important to keep a sanitary environment with proper and timely hygiene; 

this helps keep microorganisms including pathogens at safe levels in the food 

production environment. Fecal matter is a primary carrier and contaminant when it 

comes to food products, it can contaminate food directly or indirectly (6). The Model 

Food Code, written by the FDA, is the gold standard for which food processing and 

food service companies follow. The Model Food Code is updated every two years to 

ensure that the latest science-backed procedures are being followed, this leads to safer 

foods and less food-borne illnesses. According to the Model Food Code, food-contact 

surfaces must be cleaned and sanitized after each use, anytime you begin working with 

a different type of food, after items may have been contaminated and/or at least every 

four hours if in continuous use (68).  

Lactic Acid Bacteria (LAB) 

 Lactic acid bacteria have been used throughout centuries as a means of 

preserving foods through fermentation (73). Consumers are growing more aware of 

chemical preservatives used in processed foods, while accepting LAB as a natural way 

of food preservation and as a method to promote their health (57). Lactic acid bacteria 
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have also been granted “Generally Recognized as Safe” (GRAS) status by the FDA, 

making them more accessible as a food additive (54). 

Lactic acid bacteria are a group of microorganisms that are defined as acid-

tolerant, gram-positive, non-spore forming, facultatively anaerobic cocci or bacilli 

which produce lactate as their major end product (58). Even though LAB are 

fastidious organisms in vitro, requiring a variety of nutrients such as carbohydrates, 

vitamins, nucleic acids and amino acids, they grow readily in most food substrates 

(46). Lactic acid bacteria include a broad range of bacteria, they are typically 

classified by their cellular morphology, mode of glucose fermentation, temperature 

range of growth and carbohydrate utilization patterns (57). Lactic acid bacteria are 

often divided into two groups, heterofermentative and homofermentative. 

Homofermentative LAB catabolize glucose through Embden-Meyerhof pathway while 

their heterofermentative counter parts follow the hexose monophosphate or pentose 

pathway (55). Homofermentative LAB yield two lactate molecules from one glucose 

molecule, whereas heterofermentative bacteria utilize one glucose molecule producing 

lactate, ethanol and carbon-dioxide. Homofermentative LAB are capable of deriving 

twice as much energy per mole of glucose utilized when compared to 

heterofermentative LAB (58).  

 Lactic acid bacteria have been observed to inhibit foodborne pathogens in a 

variety of matrices. These matrices include foodstuffs, food-contact surfaces and 

packaging materials (2, 38). In recent years, interest has grown in the use of LAB as 

biosanitizers to prevent the contamination of food processing facilities by foodborne 
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pathogens (47). Lactic acid bacteria are able to outcompete other groups of bacteria by 

utilizing a variety of strategies including the production of weak organic acids, 

bacteriocins and other inhibitory compounds (35). Production of these inhibitory 

compounds happen through fermentation of carbohydrates.  

 Weak organic acids have been used as methods of food preservation for 

centuries, the possibilities of use extend to pre and post-harvest applications (32). 

Despite their accepted use, the mechanism of action of weak organic acids have not 

been fully explored. It is agreed upon that the ability of weak organic acids to inhibit 

microbes comes from their lipid permeability (32, 34). Weak acids such as lactic and 

acidic acid can be charged or uncharged depending on the pKa of the acid and the 

environmental pH (34). When uncharged, weak organic acids are lipid permeable, 

which allows them to freely diffuse into the cytoplasm of microbial cells. This occurs 

as a result of proton-transfer reactions in the immediate membrane vicinity. This 

permeability is estimated to be 100,000 times higher than their charged (de-

protonated) form (61). Lactic acid bacteria often have to face low pH environments, 

requiring LAB to be resistant to acidic conditions. Several mechanisms involved with 

acid resistance regulation of LAB facilitate its functions under acidic conditions, these 

include central metabolic pathways, changes in cell membrane composition and cell 

density, DNA and protein  repair, proton pump and neutralization processes (74).  

Bacteriocins are ribosomally synthesized peptides that exhibit antimicrobial 

properties towards closely related organisms (54). These antimicrobial peptides can be 

post-translationally modified, or not, leaving room for diversity among LAB strains. 
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Typically, bacteriocins produced by gram-positive organisms are effective against 

other gram-positive organisms only. Lactic acid bacteria bacteriocins are often divided 

into classes depending on size, heat stability and chemical characteristics (58). Four 

main classes exist for LAB bacteriocins. Class I bacteriocins typically include 

lanthionine-containing antibacterial peptides (lantibiotics), usually small in size 

(<5kDa), heat stable and are post-translationally modified (54). Class II are non-

lantibiotic unmodified bacteriocins, also small in size (<10kDa) and heat stable. This 

class if further divided into IIa and IIb. Class IIa are pediocin-like bacteriocins and are 

known to contain strong anti-Listeria properties. Class IIb bacteriocins are recognized 

as two-peptide bacteriocins, as the name implies, this class of bacteriocins consist of 

two different peptides and full antimicrobial activity requires the presence of both 

peptides at equal amounts (51). Class III bacteriocins are heat-liable molecules of 

large size (>10kDa) usually composed of different domains, these bacteriocins are of 

less interest to the food industry. Common antimicrobial activity from class III 

bacteriocins comes from the cleavage of peptidoglycan cross-links as well as non-lytic 

bacteriocins (1). Class IV bacteriocins consist of complex bacteriocins, that usually 

require lipid or carbohydrate moieties for activity (27). Class III and IV bacteriocins 

are not well characterized compared to their class I and II counterparts (58). LAB 

bacteriocins have been documented to achieve synergistic effects towards gram-

negative when combined with other antimicrobial treatments, opening the possibilities 

of using bacteriocins to inhibit gram-negative bacteria (53).  
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Salmonella spp. 

Salmonella are a group of gram-negative rod-shaped, non-spore-forming 

bacteria, who are zoonotic and pathogenic to humans (20). Salmonella are one of the 

most common foodborne pathogens worldwide, while being the most common 

bacterial foodborne pathogen in the U.S. (5). The Centers for Disease Control and 

Prevention estimates that 1.2 million yearly illnesses, 23,000 hospitalizations and 380 

deaths in the United States are caused by Salmonella, the majority of these being 

attributed to foodborne contamination (18). Nontyphoidal Salmonella is estimated to 

cause 93.8 million cases worldwide anually, while 80.3 million of these were 

foodborne illnesses, making Salmonella an impactful economic and health burden 

(40). Salmonella is commonly linked to poultry, beef, vegetables, eggs and pre-cut 

melon (21). Another common cause of Salmonella contamination is through an 

infected food handler who is not following hygiene guidelines (65), other 

contamination sources include undercooked animal products and contaminated water 

and vegetables (70). 

Salmonella causes salmonellosis, with gastroenteritis being the most common 

manifestation of the disease, that can be followed by bacteremia and enteric fever (28). 

Most hospitalizations and deaths attributed to Salmonella occur within high-risk 

groups (20, 24). Symptoms of Salmonella usually develop within 12 to 72h after 

ingestion of contaminated foodstuff, the symptoms include diarrhea, fever, chills, 

headaches and abdominal cramps (20). The estimated infective dose of Salmonella is 

less than 1,000 cells, with some strains exhibiting infective doses as low as 15-20 
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cells. It is important to keep in mind infective doses vary greatly depending on host 

susceptibility, bacterial strain and food matrix involved (65). An outbreak consists of 

two or more people contracting salmonellosis from the same source, while two or 

more cases derived from the same animal or animal environment, it is termed a 

zoonotic outbreak (19). Between the onset time of the illness, time to seek medical 

attention, identification time, serotyping and case reporting time, salmonellosis cases 

usually take between two to four weeks to be linked to an ongoing outbreak (19, 23).  

The genus Salmonella is very diverse, and it is divided into two disease 

causing species Salmonella enterica and Salmonella bongori. Salmonella bongori is 

most often associated with cold-blooded animals, reptiles specifically. Salmonella 

enterica is associated with warm-blooded vertebrates and is divided into six sub-

species: S. enterica subsp. arizonae, S. enterica subsp. diarizonae, S. enterica subsp. 

enterica, S. enterica subsp. houtenae, S. enterica subsp. indica and S. enterica subsp. 

salamae (71). Over 99.5% of Salmonella isolates from humans and food-producing 

animals are Salmonella enterica subsp. enterica. Salmonella enterica subsp. enterica 

are often referred to by their serotype, which differentiates Salmonella by their 

flagellar and surface antigenic properties. Other Salmonella subspecies are normally 

designated by their antigenic formula (50). Serotypes are commonly identified through 

the standard Kauffman-White scheme, with over 2,600 serotypes having been 

identified and new ones being discovered every year (26). The Kauffman-White 

scheme separates serotypes by somatic (O), capsular (K) and flagellar (H) antigenic 

determinants. The capsular antigen only occurs in three serotypes (S. Typhi, S. 
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Paratyphi C and S. Dublin) (50). The H antigen is part of the flagella and it is 

distinguished by its protein content, the O antigen is the outermost portion of the 

surface of the bacteria and is distinguished by its chemical make-up (22).  

Ever since its discovery in 1855 Salmonella has been implicated in numerous 

foodborne illness outbreaks. Salmonella was part of a multistate outbreak of human 

Salmonella infections caused by contaminated dry dog food from 2006 to 2008, this 

outbreak affected 21 states. This outbreak was caused by dry pet food sprayed with 

animal fat; the organisms responsible was S. Schwarzengrund and there were 79 

confirmed human cases (14). This outbreak led to over 23,000 tons of pet food to be 

recalled affecting over 105 brands of pet food (4). 

Listeria monocytogenes 

 Listeria monocytogenes belongs to the Listeriaceae family and Listeria genus, 

it is a gram-positive, rod-shaped organism that is ubiquitous in nature (13). As of 

2019, the Listeria genus consists of 20 species (36), L. monocytogenes being the only 

species in the genus to exhibit pathogenicity towards humans, while L. ivanovii is 

pathogenic to animals, but rarely associated with humans (39). Listeria 

monocytogenes is responsible for an estimated 1,591 foodborne illnesses, 1,455 

hospitalizations and 255 deaths every year in the U.S. (8, 64). The annual economic 

burden of L. monocytogenes is estimated to be over two billion U.S. Dollars every 

year, having the third highest economic loss from foodborne pathogens (64). Listeria 

monocytogenes is typically responsible for noninvasive listeriosis, or acute febrile 

Listerial gastroenteritis, usually found on healthy patients (76). The symptoms for 
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noninvasive listeriosis often include fever, diarrhea, headaches, myalgia and other flu-

like symptoms (29, 66). At-risk individuals typically make up most of invasive 

listeriosis cases, complications from invasive listeriosis can lead to meningitis, 

septicemia, miscarriage and meningoencephalitis (29, 76). An important quality of L. 

monocytogenes lies in its ability to grow at refrigeration temperatures, being a 

psychrophile (77). As such it poses a threat for refrigerated ready-to-eat foods. In 

addition, L. monocytogenes is a halophile, being capable of surviving at high salt 

concentrations, having demonstrated viability for extended periods of time at salt 

concentrations above 15% (44). These qualities diminish competition from non-

psychrophiles, allowing for L. monocytogenes growth (2).  

Molecular subtyping techniques have identified two major phylogenetic 

divisions within the L. monocytogenes species, Division I and Division II. Division I 

includes serotypes 1/b, 3b, 4b, 4d and 4e, Division II includes 1/2a, 1/2c, 3a and 3c 

(7). Most clinical cases of L. monocytogenes are associated with serotypes 1/2a, 1/2b 

and 4b. Listeria monocytogenes is comprised of four evolutionary lineages (I, II, III, 

and IV) with diverse and overlapping ecological niches (52).  Most clinical listeriosis 

cases are associated with lineage I, while being the only lineage associated with 

listeriolysin S hemolysin. Lineage II are more often implicated in foods they have also 

shown greater resistance to bacteriocins (45). Lineages III and IV are rarely associated 

with human foodborne illnesses and they are predominately isolated from animal 

sources (45, 52) 



Texas Tech University, Jorge Franco, May 2020 

11 
 

 Listeria monocytogenes has become a growing burden, causing multiple 

outbreaks in our recent history. Listeriosis is a nationally notifiable illness as of the 

year 2001, meaning if a case of listeriosis is confirmed it must be reported to public 

health officials (16); in addition, there are many countries that do not consider L. 

monocytogenes to be a notifiable disease (25). A recent 2015 outbreak was associated 

with soft cheese distributed by Karoun Dairies (62). In this instance there were thirty 

people that contracted the illness and 28 hospitalizations throughout 10 states; three 

deaths occurred, and the product was recalled preventing further illnesses (15). In 

addition, it is quite common for outbreaks to occur as a result of the consumption of 

unpasteurized dairy products.  

 More recently, South Africa experienced the deadliest foodborne bacterial 

illness in recorded history. In July 2017, an increase in laboratory-confirmed cases of 

listeriosis was reported to the National Institute for Communicable Diseases (NICD) 

which followed with investigations into the reported increase (59). After months of 

continued confirmed cases, a listeriosis outbreak was declared by the Minister of 

Health Dr. Aaron Motsoaledi on December 5th, 2017. The outbreak was later linked to 

polony, a finely ground sausage made with one or a variety of meats, with cubes of 

pork fat inside (67). The final epidemiological outcome accounted for 1,060 illnesses 

with 216 reported deaths and an estimated mortality rate of 26.8% (59). South African 

safety laws are not as strict as in the U.S. . South Africa does not have a zero-tolerance 

policy for L. monocytogenes in ready-to-eat foods, instead they have a suggested 

limits of L. monocytogenes, which are not enforceable (60). Food manufacturers are 
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encouraged to use HACCP plans in meat processing plants, but they do now require it 

(60).  

Escherichia coli O157:H7 

 Escherichia coli (E. coli) is naturally present in the gastrointestinal tract of 

humans and animals. This organism typically colonizes infant gastrointestinal tracts 

hours after birth, both organisms benefiting from one another (33). Escherichia coli is 

a gram-negative rod-shaped bacterium and a facultative anaerobe, it is ubiquitous in 

nature and is found in the gastrointestinal tract of humans and animals (78). Normally 

E. coli is harmless and a vital organism in human gastrointestinal health, however, 

pathogenic serotypes have been observed (78). Pathogenic E. coli are grouped based 

on the disease they cause, the pathotypes include enteroaggregative E. coli, 

enteropathogenic E. coli, enteroinvasive E. coli, enterotoxigenic E. coli and 

enterohemorrhagic E. coli. These groups of E. coli cause a broad range of disease, 

ranging from mild to severe illness (41). 

Most notably, enterohemorrhagic E. coli are recognized as the main source of 

bloody diarrhea and hemorrhagic colitis, causing the most severe illness with E. coli 

O157:H7 (E. coli O157) being responsible for the most severe and highest number of 

illnesses (64). Other enterohemorrhagic E. coli that produce Shiga toxins have been 

identified, but as a whole, non-O157 serogroups are less likely to cause severe disease 

(12). Of over 100 varying serotypes, the “Big Six” non-O157 STECs: E. coli O26, E. 

coli O45, E. coli O103, E. coli O111, E. coli O126 and E. coli O145 are responsible 

for 71% of non-O157 disease (11). Shiga-toxin producing E. coli (STEC) are also 
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serotyped based on the Kauffman-White scheme using somatic, flagellar and capsular 

antigenic determinants. Its name is derived from its 157th expressed somatic antigen 

and the 7th flagellar antigen. Escherichia coli O157:H7 was first discovered in 1983, 

when an association was reported between E. coli that produced Shiga toxins and 

caused hemolytic uremic syndrome in humans (42). The Center for Disease Control 

and Prevention estimates that E. coli O157 is responsible for over 73,000 illnesses and 

2,138 hospitalizations yearly, causing economic losses up to 405 million U.S. dollars 

(9, 64). Escherichia coli O157:H7 has been observed to inhabit the gastrointestinal 

tract of healthy cattle (78). Although E. coli O157 may inhabit other animals, cattle 

have been observed to have the highest prevalence among animals (56). Escherichia 

coli O157 is transmitted through contaminated food, water, and direct contact with 

infected people or animals (41, 42).  Escherichia coli O157:H7 if ingested, may cause 

hemorrhagic colitis, which is acute and typically self-limiting for the healthy 

population (31). In at-risk populations, hemorrhagic colitis may progress into 

hemolytic uremic syndrome (5-10% of patients), this in turn, causes drowsiness, 

kidney pain and loss of color in the cheeks and lower eyelids.  

In 2019 an outbreak of E. coli O157 was reported, epidemiologic, laboratory, 

and traceback evidence indicated romaine lettuce as the culprit of the outbreak. The 

lettuce was grown in the Salinas Valley region in California. A total of 167 people 

were infected, these illnesses resulted in 85 hospitalizations, with 15 of them 

developing hemolytic uremic syndrome, no deaths were reported (17).  
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Project Justification 
 Lactic acid bacteria have shown the potential to become a widely used 

intervention in the food industry to reduce prevalence of foodborne pathogens. 

Although LAB are already used in the industry, more research must be conducted to 

find innovative ways for these bacteria to be utilized. This project aims to further 

explore the possibilities of LAB as antimicrobial interventions to reduce foodborne 

pathogens in a variety of matrices.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Jorge Franco, May 2020 

15 
 

 

REFERENCES 

1.  Alvarez-Sieiro, P., M. Montalbán-López, D. Mu, and O. P. Kuipers. 2016. 
Bacteriocins of lactic acid bacteria: extending the family. Appl. Microbiol. 
Biotechnol. 100:2939–2951. 

2.  Amézquita, A., and M. M. Brashears. 2002. Competitive inhibition of Listeria 
monocytogenes in ready-to-eat meat products by lactic acid bacteria. J. Food 
Prot. 65:316–325. 

3.  Australian Institute of Food Safety. 2019. Food Safety and the Different Types 
of Food Contamination. 

4.  Behravesh, C. B.,  et. al. 2010. Human Salmonella Infections Linked to 
Contaminated Dry Dog and Cat Food, 2006-2008. Off. J. Am. Acad. Pediatr. 
126:477–483. 

5.  Bintsis, T. 2017. Foodborne pathogens. AIMS Microbiol. 3:529–563. 

6.  Bintsis, T. 2018. Microbial pollution and food safety. AIMS Microbiol. 4:377–
396. 

7.  Borucki, M. K., and D. R. Call. 2003. Listeria monocytogenes Serotype 
Identification by PCR. J. Clin. Microbiol. 41:5537–5540. 

8.  CDC. 2018. Burden of Foodborne Illness: Findings. Available at: 
https://www.cdc.gov/foodborneburden/2011-foodborne-estimates.html. 
Accessed January 2020.  

9.  CDC. 2018. Burden of Foodborne Illness. Available at: 
https://www.cdc.gov/foodborneburden/2011-foodborne-estimates.html. 
Accessed February 2020. 

10.  CDC. 2018. CDC and Food Safety. Available at:  
https://www.cdc.gov/foodsafety/cdc-and-food-safety.html. Accessed January 
2020. 

11.  CDC. 2018. Diarrheagenic E. coli. Available at: 
https://www.cdc.gov/ecoli/diarrheagenic-ecoli.html. Accessed January 2020. 

12.  CDC. 2014. Escherichia coli: Questions and Answers. Available at: 
https://www.cdc.gov/ecoli/general/index.html. Accessed January 2020. 

 



Texas Tech University, Jorge Franco, May 2020 

16 
 

13.  CDC. 2019. Listeria monocytogenes. Available at: 
https://www.cdc.gov/Listeria/index.html. Accessed January 2020. 

14.  CDC. 2008. Multistate Outbreak of Human Salmonella Infections Caused by 
Contaminated Dry Dog Food --- United States, 2006--2007. Available at: 
https://www.cdc.gov/Listeria/outbreaks/Salmonella-dog-food/index.html. 
Accessed January 2020. 

15.  CDC. 2015. Multistate Outbreak of Listeriosis Linked to Soft Cheeses 
Distributed by Karoun Dairies, Inc. (Final Update). Available at: 
https://www.cdc.gov/Listeria/outbreaks/soft-cheeses-09-15/index.html. 
Accessed January 2020. 

16.  CDC. 2018. National Listeria Surveillance. Available at: 
https://www.cdc.gov/nationalsurveillance/Listeria-surveillance.html. Accessed 
January 2020. 

17.  CDC. 2020. Outbreak of E. coli Infections Linked to Romaine Lettuce. 
Accessed January 2020.Available at: https://www.cdc.gov/ecoli/2019/o157h7-
11-19/index.html 

18.  CDC. 2018. Outbreaks Involving Salmonella. Available at: 
https://www.cdc.gov/Salmonella/outbreaks-active.html. Accessed January 
2020. 

19.  CDC. 2020. Reports of Selected Salmonella Outbreak Investigations. Available 
at: https://www.cdc.gov/Salmonella/outbreaks.html. Accessed January 2020. 

20.  CDC. 2019. Salmonella. Available at: 
https://www.cdc.gov/Salmonella/index.html. Accessed January 2020. 

21.  CDC. 2019. Salmonella and Food. Available at: 
https://www.cdc.gov/features/Salmonella-food/index.html. Accessed January 
2020. 

22.  CDC. 2019. Serotypes and the Importance of Serotyping Salmonella. Available 
at: https://www.cdc.gov/Salmonella/reportspubs/Salmonella-atlas/serotyping-
importance.html. Accessed January 2020. 

23.  CDC. 2019. Timeline for Reporting Cases of Salmonella Infection. Available 
at: https://www.cdc.gov/Salmonella/reporting-timeline.html. Accessed January 
2020. 

24.  CDC. 2016. What are Salmonella? 46–47.  

 



Texas Tech University, Jorge Franco, May 2020 

17 
 

25.  Desai, A. N., A. Anyoha, L. C. Madoff, and B. Lassmann. 2019. Changing 
epidemiology of Listeria monocytogenes outbreaks, sporadic cases, and recalls 
globally: A review of ProMED reports from 1996 to 2018. Int. J. Infect. Dis. 
International Society for Infectious Diseases 84:48–53. 

26.  Dieckmann, R., and B. Malorny. 2011. Rapid screening of epidemiologically 
important Salmonella enterica subsp. enterica serovars by whole-cell matrix-
assisted laser desorption ionization-time of flight mass spectrometry. Appl. 
Environ. Microbiol. 77:4136–4146. 

27.  Dzung, B. D., and F. N. Ingolf. 2002. Ribosomally Synthesized Antibacterial 
Peptides in Gram Positive Bacteria. Curr. Drug Targets 3:107–122. 

28.  Eng, S. K., P. Pusparajah, N. S. Ab Mutalib, H. L. Ser, K. G. Chan, and L. H. 
Lee. 2015. Salmonella: A review on pathogenesis, epidemiology and antibiotic 
resistance. Front. Life Sci. 8:284–293. 

29.  Gasanov, U., D. Hughes, and P. M. Hansbro. 2005. Methods for the isolation 
and identification of Listeria spp. and Listeria monocytogenes: A review. FEMS 
Microbiol. Rev. 29:851–875. 

30.  Gibson, H., J. H. Taylor, K. E. Hall, and J. T. Holah. 1999. Effectiveness of 
cleaning techniques used in the food industry in terms of the removal of 
bacterial biofilms. J. Appl. Microbiol. 87:41–48. 

31.  Harris, A. A. 1990. Hemorrhagic Colitis and Escherichia coli O157:H7—
Identifying a Messenger While Pursuing the Message. Mayo Clin. Proc. 
65:884–888. 

32.  Hirshfield, I. N., S. Terzulli, and C. O’Byrne. 2003. Weak organic acids: a 
panoply of effects on bacteria. Sci. Prog. 86:245–269. 

33.  Kai, A., N. Konishi, and H. Obata. 2010. [Diarrheagenic Escherichia coli]. 
Nippon rinsho. Japanese J. Clin. Med. 68 Suppl 6:203–207. 

34.  Kashket, E. R. 1987. Bioenergetics of lactic acid bacteria: cytoplasmic pH and 
osmotolerance. FEMS Microbiol. Lett. 46:233–244. 

35.  Klaenhammer, T. R. 1990. Bacteriocins of Lactic Acid Bacteria. Biotechnol. 
Food Saf. 70:55–74. 

36.  Leclercq, A., A. Moura, G. Vales, N. Tessaud-Rita, C. Aguilhon, and M. 
Lecuit. 2019. Listeria thailandensis sp. nov. Int. J. Syst. Evol. Microbiol. 69:74–
81. 

 



Texas Tech University, Jorge Franco, May 2020 

18 
 

37.  Lelieveld, H. L. M., J. Holah, and M. A. Mostert. 2005. Handbook of Hygiene 
Control in the Food Industry1st Editio. Woodhead Publishing. 

38.  Lewus, C. B., A. Kaiser, and T. J. Montville. 1991. Inhibition of food-borne 
bacterial pathogens by bacteriocins from lactic acid bacteria isolated from meat. 
Appl. Environ. Microbiol. 57:1683–1688. 

39.  Ludwig, W., K. H. Schleifer, and W. B. Whitman. 2009. Bergey’s manual of 
systematic bacteriology. Springer, New York. 

40.  Majowicz, S. E., J. Musto, E. Scallan, F. J. Angulo, M. Kirk, S. J. O’Brien, T. 
F. Jones, A. Fazil, and R. M. Hoekstra. 2010.  The Global Burden of 
Nontyphoidal Salmonella Gastroenteritis . Clin. Infect. Dis. 50:882–889. 

41.  Mead, P. S., Griffin, M. 1998. Escherichia coli O157:H7. Lancet 352:1207–
1212. 

42.  Mead, P. S., L. Slutsker, V. Dietz, L. F. McCaig, J. S. Bresee, C. Shapiro, P. M. 
Griffin, and R. V. Tauxe. 2000. Food-related illness and death in the United 
States. J. Environ. Health 62:9–18. 

43.  Mehlhorn, H. 2015. Food-Borne Disease Burden Epidemiology Reference 
Group. Encycl. Parasitol. 1–1. 

44.  Miller, A. J. 1992. Combined water activity and solute effects on growth and 
survival of Listeria monocytogenes Scott A. J. Food Prot. 55:414–418. 

45.  Nadon, C. A., D. L. Woodward, C. Young, F. G. Rodgers, and M. Wiedmann. 
2001. Correlations between Molecular Subtyping and Serotyping of. Society 
39:2704–2707. 

46.  National Academy of Sciences. 1992. Applications of Biotechnology in 
Traditional Fermented Foods Panel on the Applications of Biotechnology to 
Traditional Fermented Foods, National Research Council. 

47.  Ndahetuye, J. B., O. K. Koo, C. A. O’Bryan, S. C. Ricke, and P. G. Crandall. 
2012. Role of lactic acid bacteria as a biosanitizer to prevent attachment of 
Listeria monocytogenes F6900 on deli slicer contact surfaces. J. Food Prot. 
75:1429–1436. 

48.  Nerin, C., M. Aznar, and D. Carrizo. 2016. Food contamination during food 
process. Trends Food Sci. Technol. 48:63–68. 

49.  OECD. 1993. Safety evaluation of foods produced by modern biotechnology – 
concepts and principles. OECD. 



Texas Tech University, Jorge Franco, May 2020 

19 
 

50.  Opinion, S. 2010. Scientific Opinion on monitoring and assessment of the 
public health risk of “Salmonella Typhimurium-like” strains. EFSA J. 8:1–48. 

51.  Oppegård, C., P. Rogne, L. Emanuelsen, P. E. Kristiansen, G. Fimland, and J. 
Nissen-Meyer. 2007. The two-peptide class II bacteriocins: structure, 
production, and mode of action. J. Mol. Microbiol. Biotechnol. 13:210–219. 

52.  Orsi, R. H., H. C. de. Bakker, and M. Wiedmann. 2011. Listeria monocytogenes 
lineages: Genomics, evolution, ecology, and phenotypic characteristics. Int. J. 
Med. Microbiol. 301:79–96. 

53.  Pérez Pulido, R., J. Toledo, M. J. Grande, A. Gálvez, and R. Lucas. 2015. 
Analysis of the effect of high hydrostatic pressure treatment and enterocin AS-
48 addition on the bacterial communities of cherimoya pulp. Int. J. Food 
Microbiol. Elsevier B.V. 196:62–69. 

54.  Perez, R. H., T. Zendo, and K. Sonomoto. 2014. Novel bacteriocins from lactic 
acid bacteria (LAB): Various structures and applications. Microb. Cell Fact. 
13:1–13. 

55.  Piard, J. C., and M. Desmazeaud. 1991. Inhibiting factors produced by lactic 
acid bacteria . Lait 71:525–541. 

56.  Pruimboom-Brees, I. M., T. W. Morgan, M. R. Ackermann, E. D. Nystrom, J. 
E. Samuel, N. A. Cornick, and H. W. Moon. 2000. Cattle lack vascular 
receptors for Escherichia coli 0157:H7 Shiga toxins. Proc. Natl. Acad. Sci. U. 
S. A. 97:10325–10329. 

57.  Quinto, E. J., P. Jiménez, I. Caro, J. Tejero, J. Mateo, and T. Girbés. 2014. 
Probiotic Lactic Acid Bacteria: A Review. Food Nutr. Sci. 05:1765–1775. 

58.  Rattanachaikunsopon, P., and P. Phumkhachorn. 2010. Lactic acid bacteria: 
their antimicrobial compounds and their uses in food production. Ann. Biol. 
Res. 1:218–228. 

59.  Republic of South Africa Department of Health. 2018. Listeriosis Situation 
Report. 

60.  SABS Standards Division. 2011. SOUTH AFRICAN NATIONAL 
STANDARD. 

61.  Saparov, S. M., Y. N. Antonenko, and P. Pohl. 2006. A new model of weak 
acid permeation through membranes revisited: Does overton still rule? Biophys. 
J. 90:86–88. 

 



Texas Tech University, Jorge Franco, May 2020 

20 
 

62.  Sauders, B. D., and D. J. D’Amico. 2016. Listeria monocytogenes cross-
contamination of cheese: Risk throughout the food supply chain. Epidemiol. 
Infect. 144:2693–2697. 

63.  Scallan, E., R. M. Hoekstra, F. J. Angulo, R. V. Tauxe, M. A. Widdowson, S. 
L. Roy, J. L. Jones, and P. M. Griffin. 2011. Foodborne illness acquired in the 
United States-Major pathogens. Emerg. Infect. Dis. 17:7–15. 

64.  Scharff, R. L. 2012. Economic burden from health losses due to foodborne 
illness in the united states. J. Food Prot. 75:123–131. 

65.  Schneider, K. R., R. G. Schneider, M. A. Hubbard, and S. Richardson. 2013. 
Preventing Foodborne Illness : Salmonellosis 1–6. 

66.  Sim, J., D. Hood, L. Finnie, M. Wilson, C. Graham, M. Brett, J. A. H. 2002. 
Series of incidents of Listeria monocytogenes non-invasive febrile 
gastroenteritis involving ready-to-eat meats. Appl. Microbiol. 409–413. 

67.  South African NICD. 2017. Media statement by the Minister of Health Dr 
Aaron Motsoaledi regarding the update on the Listeriosis outbreak in South 
Africa. 

68.  U.S. Public Health Service: Food and Drug Administration. 2017. Food Code. 

69.  USDA. 2011. Food Safety Information Foodborne Illness : What Consumers 
Need to Know 1–4. 

70.  USDA FSIS. 2013. Salmonella Questions and Answers. 

71.  Uzzau, S., D. J. Brown, T. Wallis, S. Rubino, G. Leori, S. Bernard, J. 
Casadesús, D. J. Platt, and J. E. Olsen. 2000. Host adapted serotypes of 
Salmonella enterica. Epidemiol. Infect. 125:229–255. 

72.  Vejarano, R., R. Siche, and W. Tesfaye. 2017. Evaluation of biological 
contaminants in foods by hyperspectral imaging: A review. Int. J. Food Prop. 
Taylor & Francis 20:1264–1297. 

73.  Vieco-Saiz, N., Y. Belguesmia, R. Raspoet, E. Auclair, F. Gancel, I. Kempf, 
and D. Drider. 2019. Benefits and inputs from lactic acid bacteria and their 
bacteriocins as alternatives to antibiotic growth promoters during food-animal 
production. Front. Microbiol. 10:1–17. 

74.  Wang, C., Y. Cui, and X. Qu. 2018. Mechanisms and improvement of acid 
resistance in lactic acid bacteria. Arch. Microbiol. Springer Berlin Heidelberg 
200:195–201. 



Texas Tech University, Jorge Franco, May 2020 

21 
 

 

 

75.  WHO. 2015. WHO’s first ever global estimates of foodborne diseases find 
children under 5 account for almost one third of deaths. Available at: 
https://www.who.int/news-room/detail/03-12-2015-who-s-first-ever-global-
estimates-of-foodborne-diseases-find-children-under-5-account-for-almost-one-
third-of-deaths. Accessed February 2020. 

76.  WHO. 2019. Listeriosis. Available at: https://www.who.int/news-room/fact-
sheets/detail/listeriosis. Accessed February 2020. 

77.  Wilkins, P. O., R. Bourgeois, and R. G. E. Murray. 1972. Psychrotrophic 
properties of Listeria monocytogenes. Can. J. Microbiol. 18:543–551. 

78.  World Health Organization. 2018. E. coli. 

79.  Yeung, R. M. W., and J. Morris. 2001. Food safety risk: Consumer perception 
and purchase behaviour. Br. Food J. 103:170–187. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Jorge Franco, May 2020 

22 
 

 CHAPTER II 

REDUCTION OF LISTERIA MONOCYTOGENES ATTACHMENT 
ON STAINLESS STEEL UTILIZING LACTOBACILLUS 

SALIVARIUS (L28) AT DIFFERENT TEMPERATURES AND 
CONCENTRATIONS AND ITS EFFICACY AS A PRE-

TREATMENT TO PREVENT FUTURE ATTACHMENT 

ABSTRACT 
 Listeria monocytogenes is a relevant foodborne pathogen with a high 

hospitalization and mortality rate. Being ubiquitous in nature, L. monocytogenes often 

makes its way into a food processing environment and ultimately onto food contact 

surfaces. Listeria monocytogenes has been observed to attach to and form biofilms on 

stainless steel, a widely used food contact surfaces in the industry. Biofilms are often 

troublesome as they protect organisms within the biofilm from sanitizing chemicals 

and mechanical cleaning. This yields a niche for L. monocytogenes in the food 

processing environments, persistent strains of L. monocytogenes have been observed 

to persist in the environment for years. Lactic acid bacteria have shown antagonistic 

effects towards foodborne pathogens, making it a plausible alternative for chemical 

sanitizers. The goal of this study was to observe L28’s ability to disrupt and prevent L. 

monocytogenes attachment on stainless steel.  

Stainless steel coupons were inoculated with L. monocytogenes for 24h at 12°C 

and 25°C, the coupons were treated with various concentrations of L28 for 24h. 

Consequently, Lactobacillus salivarius (L28) significantly inhibited L. monocytogenes 

attachment at both temperatures and by most concentrations. After the reduction was 

noted, stainless steel coupons were pre-treated with L28 at the same concentrations 
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and temperatures, then inoculated with L. monocytogenes for an hour. All pre-

treatment concentrations significantly prevented L. monocytogenes attachment at 

25°C, only high concentration overnight L28 cultures were able to cause significant 

inhibition at 12°C.  

The results indicate that L28 has a potential role as a biosanitizer in the food 

industry to prevent attachment of L. monocytogenes on stainless steel. Future research 

with L28 should focus on observing inhibition of attachment of other foodborne 

pathogens on multiple food contact surfaces over longer periods of time.  

Introduction  

Listeria monocytogenes is a gram-positive facultatively anaerobic foodborne 

pathogen that is ubiquitous in nature being found in soil, water, and animal digestive 

tracts(14, 15). According to the Centers for Disease Control and Prevention (CDC), L. 

monocytogenes is responsible for approximately 1,600 illnesses, 1,500 

hospitalizations, and 260 deaths every year in the U.S. (3) . Listeriosis is the disease 

caused by L. monocytogenes; it can occur as invasive or noninvasive. Noninvasive 

listeriosis (febrile Listerial gastroenteritis) usually occurs in healthy patients after an 

incubation time as short as 11 hours or up to a week. Symptoms for noninvasive 

listeriosis include fever, diarrhea, headaches, myalgia, among other flu-like symptoms 

(7, 17). At-risk populations (elderly, pregnant, immunocompromised) usually contract 

invasive listeriosis, in which incubation can take up to five weeks. The symptoms for 

invasive listeriosis include fever, myalgia, along with complications such as 

meningitis, septicemia, and meningoencephalitis (7, 21). While L. monocytogenes 
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infections are not common, its mortality rate is approximately 30% (23). The 

infectious dose of L. monocytogenes is dependent on the level of contamination, 

virulence of the strain, food matrix, and host susceptibility (12). 

Listeria monocytogenes has been observed to attach, thrive, and eventually 

create biofilms on stainless steel.  Listeria monocytogenes’ ability to attach to food 

contact surfaces facilitates the contamination of ready-to-eat (RTE) food products 

(11). However, L. monocytogenes is unable to survive heat treatments associated with 

food processing. It is most often associated with refrigerated foods with a long shelf 

live, specifically RTE foods (10). Ready-to-eat food products are typically stored at 

refrigeration temperatures, limiting bacterial growth competition for psychrotrophs 

such as L. monocytogenes which has a doubling time of 13 to 24 hours at 5°C (19). 

These conditions, along with long shelf lives create a suitable environment for the 

growth of Listeria monocytogenes. Stainless steel is a widely used food contact 

surface in the food industry. It exhibits multiple desirable characteristics such as color 

and flavor protection, heat and corrosion resistance, cleanability, and ease of 

fabrication (4, 5). Although these characteristics make stainless steel a great candidate 

as a food contact surface, bacteria are still capable of attaching and surviving on 

stainless steel for extended periods of time (18). Surfaces that are neither hydrophobic 

nor hydrophilic, with high electron acceptor capability and a regular pattern of 

roughness, have shown to harbor more bacterial attachment (16).  

While problems associated with antimicrobial resistance is usually attributed to 

the increase in use of antibiotics, scientists have expressed concerns about the use of 
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antimicrobial chemicals in industrial and domestic settings(8). Concerns about 

microbial resistance to antimicrobial sanitizers, and their impacts on the environment 

have led scientists to find new ways of controlling bacterial populations in food 

processing plants. Lactic acid bacteria have gained popularity as biosanitizers and an 

alternative to chemical antimicrobials in food processing plants. Previous studies have 

found LAB treatments to be an effective way to sanitize, and prevent attachment of L. 

monocytogenes on stainless steel(9, 13). 

Lactic acid bacteria are generally recognized as safe (GRAS) by the Food and 

Drug Administration (FDA). They are comprised of gram-positive cocci, bacilli or 

rods and are ubiquitous in nature. Lactic acid bacteria are commonly used as 

probiotics in adequate amounts to provide benefits to hosts, whether human or animal 

(6). They are catalase-negative, non-respiratory, and are able to ferment glucose to 

produce a variety of end products including weak organic acids, CO2, ethanol, 

hydrogen peroxide and antimicrobial peptides termed bacteriocins(13). As shown in 

the study by Ayala et al., not all LAB demonstrate antagonistic effects against 

foodborne pathogens (2). 

The purpose of this study was to analyze L28’s ability to disrupt L. 

monocytogenes attachment on stainless steel at 12 +/- 1°C and 25 +/- 2°C and to 

analyze its potential as a pre-treatment on stainless steel that inhibits future attachment 

of L. monocytogenes. L28 has shown total inhibition of L. monocytogenes in a 

competitive exclusion study under neutral conditions, as seen in the study by Diana et. 

al. (2).  
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Materials and Methods 

The strains used for this study were chosen among other L. monocytogenes and 

lactic acid bacteria strains. The L. monocytogenes strain chosen showed the highest 

attachment among five clinical strains after 24 hours of incubation at 25°C on stainless 

steel. The LAB strain chosen exhibited the highest anti-Listerial activity in the study 

conducted by Ayala et al. (2) 

Stainless Steel Coupon Preparation 

 Two-cm x 2cm x 2mm Stainless Steel 304 (SS, C 0.08% max., Mn 2.00% 

max., P 0.045% max., S 0.03% max., Si 0.75% max., Cr 18.00-20.00%, Ni 8.00-

12.00%, N 0.10 max., Fe balance) coupons were used for this experiment as it is the 

most common stainless steel used in the food industry. Before each experiment the 

stainless steel coupons were washed with Bacdown® Detergent Disinfectant (BDD™) 

and rinsed with sterile deionized (DI) water. The stainless steel coupons were then 

washed with 95% ethanol and degreased with 98% acetone, then sterilized at 121°C 

for 15 minutes under 15 PSI.  

Inoculum Preparation 

 Listeria monocytogenes strain LS420 serotype 1/2a (FSL-N3-031) was 

obtained from the Texas Tech University International Center of Food Industry 

Excellence (ICFIE) collection. This L. monocytogenes strain showed the highest 

attachment on stainless steel coupons when compared to five other outbreak-related 

strains. The strain was implicated in a multi-state foodborne outbreak in 1989 related 
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with turkey franks (20). The pure culture was preserved in cryobeads (CryoCareTM; 

Stamford, USA.) and stored at -80°C. The isolate was streaked onto Brain Heart 

Infusion agar (BHI; Merck, Darmstadt, Germany) and incubated for 18-24h at 37 ± 

2°C under aerobic conditions. Two well-isolated colonies were selected and grown 

individually in 9-mL aliquots of BHI broth for 18 hours at 37 ± 2°C under aerobic 

conditions with slight agitation (130rpm) to facilitate uptake of nutrients. Serial 

dilutions were prepared and carried out using buffered peptone water (BPW; Criterion, 

Hardy Diagnostics, California, USA) to obtain a final concentration of 1.0x106 

CFU/mL. Lactobacillus salivarius was obtained and stored as described above. The 

isolate was streaked onto de Man Rogosa and Sharpe agar (MRS; Merck, Darmstadt, 

Germany), at 37 ± 2°C for 48h under aerobic conditions. Two well-isolated colonies 

were selected and grown in 9-ml aliquots of MRS broth (Criterion, Hardy Diagnostics, 

California, USA) at 37 +/- 2°C for 18h under aerobic conditions with slight agitation 

(130rpm). Serial dilutions were prepared and carried out using BPW to obtain 

concentrations ranging from 1.0 x 106 CFU/mL to 1.0 x 109 CFU/mL for the L28 

treatments. One-tenth of a gram of lyophilized (freeze-dried) L28 was reanimated in 

9.9-mL of sterile DI water to achieve a final concentration of 1.0x106 CFU/mL.  

Inoculum Preparation for Treatment 

Single stainless steel coupons were placed into one well of sterile 6-well plates 

(VWR, Radnor, USA) along with 1mL of diluted L. monocytogenes (1.0 x 106 

CFU/mL) and 1mL of diluted Tryptic Soy Broth (TSB; Oxoid Ltd., Basingstoke, UK) 

1:5 (TSB:DI water) to simulate a low nutrient environment in a plant. The well plates 
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were incubated at 25 ± 2°C and 12 ± 1°C for 24h under aerobic conditions to allow L. 

monocytogenes attachment on the stainless steel coupons. The coupons were rinsed 

with 2mL of de-ionized (DI) water on both sides to remove any loosely attached cells 

and placed in a new 6-well plate. Treatments consisted of 1mL of L28 (conc. 1.0 x 106 

– 1.0 x 109 CFU/mL) for overnight cultures, and 1mL of L28(1.0 x 106 CFU/mL) for 

the lyophilized culture along with 1mL of diluted TSB as mentioned above. The 

control stainless steel coupons consisted of the addition of 2mL of diluted TSB as 

mentioned above. The well plates were incubated for 24h at 25 ± 2°C and 12 ± 1°C 

under aerobic conditions to allow the LAB to inhibit L. monocytogenes and attach to 

the stainless steel coupons. The stainless steel coupons were then rinsed with 2mL of 

DI water on each side to remove loosely attached cells and begin with coupon 

processing.  

Inoculum Application for Pre-treatment 

Single stainless steel coupons were placed into wells of sterile 6-well plates 

(VWR) along with 1mL of diluted TSB to simulate a low nutrient environment and 

1mL of each L28 treatments (1.0 x 106, 1.0 x 107, 1 x 108 and 1.0 x 109 CFU/mL for 

overnight cultures, 1.0 x 106 CFU/mL for lyophilized culture). The control coupons 

were placed in the well plate along with 1mL of MRS broth and 1mL of diluted TSB 

broth. The stainless steel coupons were incubated for 1h at 25 ± 2°C and 12 ± 1°C 

under aerobic conditions to allow the LAB to attach to the stainless steel coupons. The 

stainless steel coupons were then removed, rinsed with 2mL of sterile DI water on 

each side and placed into wells of a sterile 6-well plated (VWR). One-milliliter of 
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diluted TSB was added to each well along with 1mL of diluted L. monocytogenes. The 

plates were incubated for one hours at 25 ± 2°C and 12 ± 1°C under aerobic conditions 

to allow the L. monocytogenes to attach. The coupons were removed and rinsed with 

2mL of DI water on each side to remove loosely attached cells and begin with coupon 

processing. 

Stainless Steel Coupon Processing 

 After the coupons were rinsed, they were placed in 50mL FalconTM conical 

centrifuge tubes (Thermo Fisher Scientific, Waltham, USA) along with 2.0g of acid-

washed sterile glass beads (200-300μm) (Sigma-Aldrich, St. Louis, USA) and 40mL 

of BPW. The FalconTM centrifuge tubes were vortexed for two minutes to detach the 

bacteria. One-milliliter serial dilutions were carried out in 9-mL of BPW and 100µL 

were spread plated onto Modified Oxford Agar (MOX; Becton, Dickinson and 

Company). Two-hundred-and-fifty microliters were spread plated from the 50mL 

FalconTM in quadruplicates to enumerate per mL of BPW wash. The plates were 

incubated at 35 ± 2°C for 24 hours under aerobic conditions to enumerate L. 

monocytogenes. Colonies exhibiting typical L. monocytogenes morphology on MOX 

agar were observed to be L. monocytogenes. 

Statistics model 

A one-way ANOVA was run, along with a post-hoc Tukey’s test to test for 

statistical differences between the control and treatments within their temperature 

range. Comparisons between groups were made using R coding language (R 
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CoreTeam). The alpha value for this experiment was set as 0.05, 95% confidence 

intervals (CI) error bars were presented on the figures. Each treatment and control in 

this experiment included three biological replicates each with three technical 

replicates. 

Results and Discussion 

Stainless Steel LAB Treatment 25°C and 12°C 

The L. monocytogenes attachment in the control group at 25°C was 5.81 

log(CFU/cm2). The treatments; L28 lyophilized (106 CFU/mL), L28 overnight culture 

106 (CFU/mL), 107 (CFU/mL), 108 (CFU/mL) and 109 (CFU/mL) resulted in 0.69, 

1.37, 1.67, 2.16 and 5.81 log reductions of colony forming units per centimeter 

squared (log CFU/cm2) compared to the control group respectively. The mean (μ ) and 

95% confidence interval (σ) for each group were as follows;  control 5.81 ± 0.14 

log(CFU/cm2), L28 lyophilized (106 CFU/mL) 5.12 ± 0.11 log(CFU/cm2), L28 

overnight cultures 106 (CFU/mL) 4.44 ± 0.07 log(CFU/cm2), 107 (CFU/mL) 4.14 ± 

0.17 log(CFU/cm2), 108 (CFU/mL) 3.65 ± 0.10 log(CFU/cm2) and 109 (CFU/mL) 

completely inhibited the Listeria monocytogenes at 25°C. 

There were statistical differences (P<0.05) between every treatment group 

compared to the control at 25°C. All of the treatment groups were also statistically 

different (P<.05) from each other at 25°C, showing a clear pattern of increased 

reduction of L. monocytogenes attachment as L28 concentration increased. 

Data for L. monocytogenes attachment on the stainless steel coupons at 12°C 

showed 4.58 log(CFU/cm2) of attachment for the control group. The treatments; L28 
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lyophilized (106 CFU/mL), L28 overnight culture 106 (CFU/mL), 107 (CFU/mL), 108 

(CFU/mL) and 109 (CFU/mL) resulted in 0.26, 0.39, 0.46, 0.73 and 4.58 log reduction 

of CFU/cm2 of L. monocytogenes when compared to the control group respectively. 

The mean (μ ) and 95% confidence interval (σ) for each group were as follows;  

control 4.58 ± 0.11 log(CFU/cm2), L28 lyophilized (106 CFU/mL) 4.32 ± 0.15 

log(CFU/cm2), L28 overnight cultures 106 (CFU/mL) 4.19 ± 0.06 log(CFU/cm2), 107 

(CFU/mL) 4.125 ± .11 log(CFU/cm2), 108 (CFU/mL) 3.85 ± .12 log(CFU/cm2) and 

109 (CFU/mL) completely inhibited the L. monocytogenes at 12°C. The L28 overnight 

culture treatments ( 106 CFU/mL, 107 CFU/mL, 108 CFU/mL and 109 CFU/mL) were 

all statistically different (P<0.05) than the control group at 12°C, while the lyophilized 

106 CFU/mL was not (P=0.052).  

As expected, L28 was effective at disrupting the attachment of L. 

monocytogenes at both 12°C and 25°C. Data demonstrated a negative correlation 

between the concentration of L28 and L. monocytogenes regardless of the temperature 

used. L28 exhibited a total reduction of the L. monocytogenes attached when used 

from its undiluted overnight culture (109 CFU/mL) at both temperatures. Listeria 

monocytogenes was not detectable through direct agar plating method.  Listeria 

monocytogenes exhibited higher levels of attachment at 25°C, which was expected as 

L. monocytogenes prefers mesophilic temperatures, but is able to grow at refrigeration 

temperatures (22).  

Other studies have shown LAB’s potential as biosanitizers to reduce the 

presence of foodborne pathogens in food-related matrices. Several LAB strains have 
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shown inhibitory properties towards L. monocytogenes biofilm formation at 30°C in a 

study conducted by Gomez et al. (9). Lactic acid bacteria have exhibited inhibitory 

properties towards L. monocytogenes at lower temperatures (4 to 8°C) as exhibited by 

Zhao et al., LAB used in this study were able to inhibit L. monocytogenes attachment 

on stainless steel floor drains by competitive exclusion over the course of weeks with 

multiple LAB treatments during the first week (24).  

Stainless Steel LAB Pre-treatment 25°C and 12°C 

The L. monocytogenes attachment for the control group was 3.36 

log(CFU/cm2). The treatments; L28 lyophilized (106 CFU/mL), L28 overnight culture 

106 (CFU/mL), 107 (CFU/mL), 108 (CFU/mL) and 109 (CFU/mL) resulted in 0.07, 

0.12, 0.19, 0.33 and 0.51 log reductions of colony forming units per centimeter 

squared compared to the control group respectively. The mean (μ ) and 95% 

confidence interval (σ) for each group were as follows;  control 3.36 ± 0.09 

log(CFU/cm2), L28 lyophilized (106 CFU/mL) 3.29 ± 0.04 log(CFU/cm2), L28 

overnight cultures 106 (CFU/mL) 3.21 ± 0.04 log(CFU/cm2), 107 (CFU/mL) 3.15 ± 

0.05 log(CFU/cm2), 108 (CFU/mL) 2.97 ± 0.08 log(CFU/cm2) and 109 (CFU/mL) 2.79 

± .07 log(CFU/cm2) at 25°C. All of the pre-treatments exhibited significant reduction 

(P<.05) of L. monocytogenes attachment when compared to the control at 25°C.  

Similarly, the L. monocytogenes attachment for the control group at 12°C was 

3.38 log(CFU/cm2), comparable(P=0.573) to the control attachment at 25°C 

mentioned above. The treatments; L28 lyophilized (106 CFU/mL), L28 overnight 

culture 106 (CFU/mL), 107 (CFU/mL), 108 (CFU/mL) and 109 (CFU/mL) showed 0.01, 
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0.05, 0.09, 0.16 and 0.63 log reductions of colony forming units per centimeter 

squared compared to the control group respectively. The mean (μ ) and 95% 

confidence interval (σ) for each group were as follows;  control 3.38 ± 0.06 

log(CFU/cm2), L28 lyophilized (106 CFU/mL) 3.37 ± 0.05 log(CFU/cm2), L28 

overnight cultures 106 (CFU/mL) 3.33 ± 0.03 log(CFU/cm2), 107 (CFU/mL) 3.30 ± 

0.03 log(CFU/cm2), 108 (CFU/mL) 3.22 ± 0.08 log(CFU/cm2) and 109 (CFU/mL) 2.76 

± 0.11 log(CFU/cm2) at 12°C. The pre-treatments L28 overnight 108 (CFU/mL) and 

109 (CFU/mL) were both statistically different than the control at 12°C , having P 

values of P=0.32, P=.0006 respectively. The remaining pre-treatments did not show a 

significant difference when compared to the control (P>0.05).  

At shorter exposure times (one hour), L. monocytogenes attachment in the 

control groups at 25°C  and 12°C were not statistically significant from each other 

(P=.573).  At high concentrations, L28 was effective at inhibiting L. monocytogenes 

attachment on stainless steel after short contact times (one hour) at both 25°C and 

12°C. At lower concentrations, L28 was only effective at inhibiting L. monocytogenes 

attachment at 25°C. This data suggests Lactobacillus salivarius (L28) has potential for 

use in the food industry as a biosanitizer and as a pre-treatment to inhibit attachment 

of Listeria monocytogenes.  

The findings in this study concur with other similar literature in the field. In the 

study conducted by Ndahetuye et al., a three strain LAB cocktail significantly 

inhibited (P<0.05) L. monocytogenes on similarly sized stainless steel coupons at 

23°C (13). This study also showed a negative relationship between the LAB cocktail 
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concentration and the L. monocytogenes attachment. Lactic acid bacteria have also 

been used as biosanitizers in a variety of food matrices as shown in the study by 

Amezquita and Brashears (1), where LAB exhibited significant L. monocytogenes 

reduction on frankfurters and cooked ham while product quality remained unaffected.  

Conclusion 

Overall, these results demonstrate L28’s ability to act as a biosanitizer 

treatment as well as a preventative pre-treatment to inhibit L. monocytogenes 

attachment on stainless steel. There is no denying the potential niche of LAB as an 

antimicrobial intervention in the food industry. Lactic acid bacteria strains with 

antimicrobial activity should be screened for safety purposes, minimizing risk. 

Lactobacillus salivarius (L28) demonstrates antimicrobial activity towards common 

foodborne pathogens in multiple matrices, while demonstrating attachment to caco-2 

cells and exhibiting low cytotoxicity. It also carried a low number of virulence and 

antimicrobial resistance genes as seen in the study by Ayala et al. (2).  
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Tables and Figures 
  
 

            
              
              
              
              
              

              
              
              
              
              
              
              
              
              
              
              
              

Figure 1. Reduction of L. monocytogenes attachment after L28 
treatment application. (N = 36) 
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Figure 2. Reduction of L. monocytogenes attachment following one 
hour L28 pre-treatment. (N = 36) 
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Table 1. Listeria monocytogenes attachment to stainless 
steel coupons after 24 hours of L28 application. (N = 36) 

 
L28 Treatments                     
(Log CFU/mL) 

Temperature**  

25°C 12°C  

Control 5.81 ± 0.14a,z 4.58 ± 0.11a,y  

F.D.1 106 5.12  ± 0.11b,z 4.32 ± 0.15a,y  

10⁶ 4.44  ± 0.07c,z 4.19 ± 0.06b,z  

10⁷ 4.14  ± 0.17d,z 4.13 ± 0.11b,z  

10⁸ 3.65  ± 0.10e,z 3.85 ± 0.12c,z  

10⁹ *f *e  

1 Freeze Dried L28      

*Value not statistically compared to 0    

a Means without common letters differ within columns; P ≤ 0.05  

z Means without common letters differ within rows; P ≤ 0.05 
 

** Attachment recorded as Log CFU/cm2    
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Table 2. Reduction of L. monocytogenes attachment after 
L28 application. (N = 36) 

L28 Treatments                                   
(Log CFU/mL) 

Temperature** 
25°C 12°C 

F.D.1 10⁶ 0.69 0.26 
10⁶ 1.37 0.39 
10⁷ 1.67 0.46 
10⁸ 2.16 0.73 
10⁹ 5.81 4.58 

1 Freeze Dried L28     
** Reduction recorded as Log CFU/cm2   
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Table 3. Listeria monocytogenes attachment to stainless 
steel following one hour L28 pre-treatment (N = 36) 

 

L28 Pre-Treatments             
(Log CFU/mL) 

Temperature**  

25°C 12°C  

Control 3.36 ± .09a,z 3.38 ± .06a,z  

F.D.1 106 3.28 ± .04b,z 3.37 ± .05a,z  

 106 3.24 ± .04bc,z 3.33 ± .03ab,y  

107 3.17 ± .05c,z 3.30 ± .03ab,z  

108 3.03 ± .08d,z 3.22 ± .08b,z  

109 2.85 ± .07e,z 2.76 ± .11c,z  

1 Freeze Dried L28      

*Value not statistically compared to 0    

a Means without common letters differ within columns; P ≤ 0.05 
 

z Means without common letters differ within rows; P ≤ 0.05  

** Attachment recorded as Log CFU/cm2    
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Table 4. Reduction of L. monocytogenes attachment 
following one hour L28 pre-treatment. (N = 36) 

L28 Pre-Treatments                             
(Log CFU/mL) 

Temperature** 
25°C 12°C 

F.D.1 10⁶ 0.07 0.01 
10⁶ 0.12 0.05 
10⁷ 0.19 0.08 
10⁸ 0.33 0.16 
10⁹ 0.51 0.63 

1 Freeze Dried L28     
** Reduction recorded as Log CFU/cm2     
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CHAPTER III 

FATE OF SALMONELLA SPP. PRESENT IN RAW CHICKEN FAT 
FOR PET KIBBLE COATING IN TANDEM WITH 

LACTOBACILLUS SALIVARIUS (L28) BIOCONTROL AGENT 

ABSTRACT  
 Salmonella is the leading cause of hospitalization among foodborne pathogens in 

the U.S. It has adapted to survive in the gastrointestinal tract of humans and animals, 

making it a common source for contamination during the slaughter and food 

manufacturing processes. Salmonella is commonly found in poultry products, raw meats, 

eggs and unpasteurized milk. Dry pet food kibble is often coated with chicken fat after 

extrusion. The addition of chicken fat adds palatability, whilst being a rich energy source 

and providing key nutrients for felines and canines. Surveillance data shows 12.5% of pet 

food ingredients and pet food samples tested positive for Salmonella in 2012. Salmonella 

outbreaks related to pet kibble have been observed in North America, due to handling of 

the pet kibble or from Salmonella shed from pet feces. The purpose of this experiment 

was to assess the fate of Salmonella spp. in tandem with Lactobacillus salivarius (L28) 

through chicken fat as a coating on dry pet kibble.  

 Raw chicken fat was inoculated with a five-strain cocktail of Salmonella to mimic 

Salmonella contamination. The inoculated chicken fat was divided into two aliquots, half 

was inoculated with L28, acting as the treatment, the other half was the Salmonella-

inoculated control. The chicken fat was applied onto the kibble and homogenized in a 

tumble drum, the target concentration of L28 was 106 CFU/lb of kibble. The kibble was 

allowed to dry for 4h, then the samples were stored at 25°C for 72h. Time points were 
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plated for Salmonella enumeration at 0h, 4h, 24h, 48h, and 72h for the chicken fat and 

0h, 4h, and 72h for the kibble. 

 L28 was unsuccessful at inhibiting Salmonella in raw chicken fat 25°C during the 

72 hour period. Salmonella counts per gram of chicken fat at the zero hour timepoint did 

not differ statistically (P>0.05) from the 72h timepoint for the control or the treatment. 

L28 was effective at inhibiting Salmonella on dry pet kibble stored at 25°C. The 

timepoints 0h, 4h, and 72h showed statistical differences (P<0.05) between the control 

and treatment groups. 

 Lactic acid bacteria have the potential to be used as biocontrol agents as direct fed 

microbials through pet feed. Further research needs to be conducted to determine the 

impact of Lactobacillus salivarius (L28) on the gastrointestinal tracts of pets. Further 

studies should continue to access the ability of Lactobacillus salivarius (L28) against 

other impactful foodborne pathogens associated with pet food.  

Introduction 

 Salmonella is a gram-negative enteric foodborne pathogen that causes 

salmonellosis. It can occur as noninvasive or invasive salmonellosis, the latter usually 

observed in at-risk individuals (children, elderly, immunocompromised) (7). Salmonella 

is ubiquitous in nature, often found in the gastrointestinal tract of food-producing 

animals. The slaughter process can result in the spread of Salmonella, leading to a 

possible foodborne illness source (6). According to a study published by the Centers for 

Disease Control and Prevention (CDC), nontyphoidal Salmonella causes an estimated 1 

million illnesses every year. Nontyphoidal Salmonella is the leading cause of 

hospitalization for foodborne illnesses, accounting for 35% of hospitalizations (16, 17). 
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The economic burden of nontyphoidal Salmonella was estimated to be 4.4 billion U.S. 

dollars in 2010, with each Salmonella case costing a mean of 4,312 U.S. dollars (17). 

Chicken fat, like most poultry products is likely to contain Salmonella. Chicken 

fat being a rich energy source, has many important functions in the canine and feline diet, 

containing linoleic acid and carotenoids. It is often used as a coating for pet food kibble, 

and it is estimated that ten to twenty percent of chicken fat produced every year in the 

United states is used for pet food manufacturing (3). Dry pet kibble is usually an 

inadequate medium for bacteria to survive in, but Salmonella has been reported to remain 

viable for more than six months, even when coexisting with other microorganisms (1). 

Concentrations of fat and acid in the pet kibble coating have a great effect on the viability 

of bacteria through the shelf life of the kibble (1). Since Salmonella is a zoonotic disease, 

dogs and other pets that consume Salmonella through contaminated food can shed 

Salmonella, potentially introducing a source of environmental contamination possibly 

leading to human illness (19). Salmonella can also be spread to humans from direct 

contact with the pet food contaminated with Salmonella. 

 Over the years, there have been multiple reports of Salmonella contamination in 

pet foods. From the year 2006 to 2008, seventy-nine people across 21 states contracted 

salmonellosis, with 48 percent of the affected being under the age of 2 two. Over 23,000 

tons of pet food were recalled, affecting 105 brands of pet food, the production plant at 

fault was closed permanently (5). Surveillance data observed by the Feed Contaminants 

Program showed that 12.5 percent of 2,058 samples of pet food, animal feed and 

ingredients tested positive for Salmonella contamination in the United States (12). The 
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surveillance data shows that new methods to control foodborne pathogens specifically 

Salmonella, on pet food need to be implemented.  

 Probiotics are living microorganisms in food products which, when ingested at 

sufficient levels, provide a positive effect on the host’s health (20). Most probiotics are 

classified within lactic acid bacteria. Lactic acid bacteria are a group of gram-positive, 

bacilli or cocci shaped acid-resistant organisms that ferment hexose sugars to produce 

lactic acid in majority along with other weak organic acids (13, 20). Lactic acid bacteria 

produce a variety of end products such as weak organic acids, oxygen metabolites and 

bacteriocins that are inhibitory against the growth of other organisms, this makes lactic 

acid bacteria an asset in the prevention of foodborne illnesses (8, 14). Probiotics are often 

incorporated into pet foods for health benefits, they could also be used as a mean of 

biocontrol of foodborne pathogens. Studies have shown  inhibition of Salmonella by 

lactic acid bacteria in multiple matrices including skim milk, ground beef and food 

contact surfaces (9, 15, 18). Various lactic acid bacteria have also shown the ability to 

inhibit Salmonella when co-inoculated in a co-culture (2, 4). 

 The purpose of this experiment was to assess the capability of L28 to reduce and 

inhibit the growth of Salmonella on dry pet food kibble and in chicken fat over the course 

of three days. Lactobacillus salivarius (L28) has shown its antimicrobial properties 

towards Salmonella and other foodborne pathogens (4), thus making it a candidate to be 

used in dry pet food.  

Materials and Methods 

Dry pet kibble and chicken fat were purchased and stored at 39°F until ready for 

inoculation. The brand of pet kibble used did not contain any added probiotics. 
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Lactobacillus salivarius (L28) was provided by Texas Tech University International 

Center for Food Industry Excellence (ICFIE) to Food Safety Net Services (FSNS) in 

lyophilized form at a concentration of 107 CFU/g. The Lactobacillus salivarius (L28) 

strain was chosen as it showed antagonistic activity towards Salmonella according to 

Ayala et al. (4). A cocktail consisting of five Salmonella strains was used, this included 

Salmonella enterica serotype Infantis (ATCC), Salmonella enterica serotype Heidelberg 

(ATCC), Salmonella enterica serotype Kentucky (ATCC), Salmonella enterica serotype 

Typhimurium (ATCC), and Salmonella enterica serotype Enteritidis (ATCC).  

Inoculum Preparation 

 Bacterial strains used for this study were kept frozen at -80°C until ready to be 

used. Fresh culture of each strain was prepared by streaking the frozen cultures onto 

Tryptic Soy Agar (TSA; Becton, Dickison and Company, Franklin Lakes, NJ) and 

incubated at 35°C for 24 hours. An isolated colony from each TSA plate was taken and 

transferred into 10mL aliquots of Tryptic Soy Broth (TSB; Becton, Dickinson and 

Company) and incubated at 35°C for 24 hours. Aliquots of the incubated TSB cultures of 

each strain were harvested by centrifugation at maximum speed for 10 minutes in a 

Model 16K Microcentrifuge (Bio-Rad Lactic acid bacteria laboratories, Inc., Hercules, 

CA). The supernatant was removed, and the pellet was resuspended in Butterfield’s 

Phosphate Buffer (BPB; Made In-House From Various Ingredients). The re-suspended 

cells were centrifuged again, the supernatant was removed and once again re-suspended 

in BPB. The suspension was adjusted to a concentration of 108 CFU/mL based on 

transmittance as determined by using a SpectronicTM 200 Spectro-photometer (Thermo 

Fisher Scientific, Inc., Waltham, MA). The strains were then combined in equal aliquots 
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to form the 5-strain cocktail, the cocktail was centrifuged, and the supernatant was 

removed. The pellet was allowed to dry in a biosafety cabinet and re-suspended in 

chicken fat equal to the volume of the supernatant to conserve the concentration. The 

concentration of the Salmonella cocktail was verified via enumeration. 

Inoculation and Sample Storage 

 Prior to the inoculation of Salmonella, a portion of chicken fat designated for the 

treatment sample was inoculated with L28 lyophilized powder. The target inoculation 

concentration once applied to the pet kibble was 106 CFU/g. The Salmonella cocktail 

suspended in chicken fat was applied to each individual portion of pet kibble by 

homogenization in a tumble drum mixed for a final concentration of 106 CFU/g. The 

inoculated product was allowed to dry at room temperature (25°C) for 4 hours and stored 

at the same conditions for 72h.  

 Enumeration was carried out at 3 timepoints (0h, 4h, and 72h) over the course of 

72h after drying. At each planned timepoint during storage, 25g aliquots of each sample 

were collected across the triplicate product portions for both control and treatment sample 

sets. Enumeration was carried out as outlined below (Enumeration of Salmonella and 

Lactobacillus salivarius in Product Sample Portions) to obtain mean viable concentration 

of Salmonella and Lactobacillus salivarius for the pet kibble. 

 In addition, a portion of the chicken fat containing Salmonella and L28 powder 

(treatment group chicken fat) and a portion of the chicken fat containing only Salmonella 

(control group chicken fat) was enumerated in triplicate for viable cell concentration of 

Salmonella and lactic acid bacteria at each planned timepoint during storage as 
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mentioned below in Enumeration of Salmonella and Lactobacillus salivarius in Product 

Sample Portions.       

 

Inoculation and Sample Storage Enumeration of Salmonella and Lactobacillus 
salivarius in Product Sample Portions 
 To determine viable cell concentration of Salmonella and L28 in the control and 

treatment kibble groups, each 25-g aliquot sample collected from the triplicate product 

portion was transferred to a sterile Whirl-Pack bag. Twenty-five milliliters of BPB were 

added to each Whirl-Pack bag to create a 1:1 ratio. The Whirl-Pack bags were hand 

massaged for two minutes to remove attached bacterial cells from the kibble samples. 

The rinsate (BPB used) was serially diluted in BPB blanks. To determine viable cell 

concentration of Salmonella and lactic acid bacteria in treatment and control groups of 

chicken fat, triplicate 25g of chicken fat samples were individually combined in a Whirl-

Pack bag with BPB to create a 1:1 ratio. The mixture was hand massaged for 2-min to 

homogenize, then serially diluted in BPB blanks. 

 To determine the viable cell concentration of Salmonella and L28 in the control 

and treatment groups of chicken fat, each 25g aliquot collected from the triplicate product 

portion was transferred into a Whirl-Pack bag. Twenty-five milliliters of BPB were added 

for a 1:1 ratio, and the mixture was stomached for 2min for homogenization. The 

homogenized chicken fat samples were serially diluted in BPB blanks, then spread-plated 

onto Xylose Lysine Deoxycholate (XLD; Becton, Dickinson and Company) for 

Salmonella and onto MRS agar for L28. The XLD plates were allowed to air dry and 

were incubated at 35°C for 24 hours aerobically and the MRS plates were allowed to air 

dry and were incubated at 35°C for 48 hours anaerobically.  
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 The experiment was replicated three times, each experiment had three technical 

replicates. All Salmonella and L28 colonies that exhibited typical morphology on each 

plate were counted. The mean Salmonella viable cell concentration at each time point 

was calculated by averaging the log10 CFU/g values of subsamples (n=3).  

Statistics model 

A one-way ANOVA was run, along with a post-hoc Tukey’s test to test for 

statistical differences between the control and treatments within their temperature range. 

Comparisons between groups were made using R coding language (R CoreTeam). The 

alpha value for this experiment was set as 0.05, 95% confidence intervals (CI) error bars 

were presented on the figures. Each treatment and control in this experiment included 

three biological replicates each with three technical replicates. 

 

Results and Discussion 

Pet Kibble 

After the 4h of drying, the 0h concentration of Salmonella in the control and L28 

treatment groups were 4.19 ± 0.53 log CFU/g and 1.80 ± 0.20 log CFU/g respectively. 

This amounted to a significant (P< 0.05) 2.39 log reduction of Salmonella per gram of 

pet kibble. The LAB count for the treatment at zero hour was 3.11 ± 0.62 log CFU/g. At 

the 4h timepoint, the average concentration of Salmonella in the control dropped to 2.60 

± 0.27 log CFU/g, while the treatment value remained relatively constant with an average 

of 2.79 ± 0.22 log CFU/g. The difference between the treatment and control group at the 

four hour timepoint was statistically significant (P < 0.05). During the four hour 
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timepoint, the treatment pet kibble group showed an average LAB concentration of 2.79 

± 0.25 log CFU/g. 

After 72 hours, the Salmonella counts in the control group were 2.59 ± 0.11 log 

CFU/g while the treatment group showed no viable Salmonella. The presence of injured 

Salmonella cells is a possibility, but Salmonella was not detected through direct agar 

plating methods for the L28 treatment. The difference between the treatment and control 

groups during the last timepoint was statistically significant (P < 0.001). The LAB counts 

after 72 hours in the treatment group were 2.01 ± 0.17 log CFU/g, showing roughly 1.0 

log CFU/g reduction from the time the treatment was applied.  

Salmonella counts in the control and treatment pet kibble groups dropped throughout the 

experiment. The decrease in bacterial counts is likely due to further drying of the pet 

food, reducing water activity creating hostile conditions for bacteria. Decrease of water 

activity of pet feed has been related to inhibition of bacterial concentration in the animal 

feed (10). Adelantado et al. showed a similar pattern with multiple foodborne pathogens 

including Salmonella Typhimurium. Bacterial counts were negatively proportional with 

storage time, although Salmonella Typhimurium was detected in the inoculated kibble 

after six months (1).  

Chicken Fat 

 At the 0h timepoint, the chicken fat control group had dropped to 2.87 ± 0.67 

log(CFU/g), while the treatment group showed 2.16 ± 0.41 log(CFU/g), achieving a 0.70 

log reduction after the initial four hours allowed for the pet food to dry. The results for 

the 4h timepoint showed an average concentration of 2.31 ± 0.19 log(CFU/g) and 2.18 ± 

0.10 log(CFU/g) for the control and treatment groups respectively. After 24h the average 
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control concentration of Salmonella was 2.49 ± 0.29 log(CFU/g) while the average 

treatment concentration was 2.03 ± 0.70 log(CFU/g). At the 48h timepoint, the average 

Salmonella counts were 2.22 ± 0.29 log(CFU/g) and 1.02 ± 0.25 log(CFU/g) for the 

control and treatment groups respectively. At the final timepoint, 72h, the average 

Salmonella concentration in the control chicken fat fell to 1.83 ± 1.04 log(CFU/g), the 

average Salmonella counts for the treatment group in the final timepoint was 1.56 ± 0.46 

log(CFU/g). The only significant reduction of Salmonella in chicken fat was seen at the 

forty-eight hours timepoint (P=0.004), while all of the other timepoints did not show 

significant reduction (P>0.05).  

The bacterial counts in the chicken fat were static throughout the first 24h, the 

concentration then dropped for the remainder of the timepoints. The reason behind the 

decrease in concentration is hypothesized to be the low water activity in chicken fat, 

although added moisture to chicken fat has not shown to statistically impact Salmonella 

growth in chicken fat (21). Salmonella has been observed to survive in a multitude of oils 

and fats, although an average of a 3-log reduction was seen after 24h in the various fats 

and oils (11).  

 The pH of the treatment chicken fat was measured to be 5.67, 5.95, 5.37, 5.83 and 

5.48 for the 0h, 4h, 24h, 48h and 72h timepoints respectively. The pH showed no clear 

signs of an increase or decrease throughout the 72h period. This was expected since 

chicken fat does not meet the nutritional requirements for LAB fermentation.  

Conclusion 

 Lactic acid bacteria show great promise as an additive in animal feed. Lactic acid 

bacteria offer multiple advantages as direct fed antimicrobials, limiting the growth and 



Texas Tech University, Jorge Franco, May 2020 

53 
 

survival of pathogenic bacteria with antimicrobial compounds while competing for 

attachment sites and taking up nutrients (22). Lactobacillus salivarius was successful at 

significantly inhibiting Salmonella present in dry pet kibble, but unsuccessful at reducing 

Salmonella in chicken fat at room temperature. Further research should be conducted to 

explore synergistic effects with other LAB strains to further inhibit Salmonella on dry pet 

food kibble.  
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Tables and Figures 
 

Figure 3. Salmonella concentration in chicken fat control and treatment groups (N = 30) 
  a Means without common letters differ within all treatments and controls; P ≤ 0.05  
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Figure 4. Salmonella concentration in pet kibble control and treatment groups (N = 
30) 

      *N.D.- Not Detectable, value not statistically compared to 0 
                                  a Means without common letters differ within all treatments and controls; P ≤ 0.05 
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Table 5. Salmonella concentration in chicken fat control and treatment 
groups (N=30) 

Timepoints Groups** Reduction 
Control Treatment 

0h 2.87 ± 0.67a,z 2.16 ± 0.41a,z 0.70 
4h 2.31  ± 0.19a,z 2.18 ± 0.10a,z 0.13 
24h 2.49  ± 0.28a,z 2.03 ± 0.70a,b,z 0.46 
48h 2.22  ± 0.29a,z 1.02 ± 0.25b,y 1.20 
72h 1.83  ± 1.04a,z 1.56 ± 0.46a,b,z 0.28 

a Means without common letters differ within columns; P ≤ 0.05 
z Means without common letters differ within rows; P ≤ 0.05   
** Concentration recorded as Log CFU/g     
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Table 6. Salmonella concentration in pet food kibble control and 
treatment groups 

Timepoints Groups** Reduction 
Control Treatment 

0h 4.19 ± 0.53a,z 1.80 ± 0.20a,y 2.38 
4h 2.60  ± 0.27b,z 1.99 ± 0.22a,y 0.60 
72h 2.59  ± .10b *Not detectable 2.59 

a Means without common letters differ within columns; P ≤ 0.05 
z Means without common letters differ within rows; P ≤ 0.05 
* Value not statistically compared to 0 
** Concentration recorded as Log CFU/g   
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CHAPTER IV 

DISPLACEMENT OF SALMONELLA AND ESCHERICHIA COLI 
O157:H7 ON CACO-2 CELLS BY LACTOBACILLUS SALIVARIUS 

(L28) 

ABSTRACT  
 

Salmonella and E. coli O157:H7 are among the most problematic foodborne 

pathogens in the U.S., causing an estimated of 12 billion U.S. dollars in economic burden 

yearly. Preventing foodborne disease has been focused on keeping food products free of 

pathogens, but alternatives should be developed. Salmonella and E. coli O157:H7 have 

been observed to attach and invade human epithelial colorectal cells, often the first step 

of infection. Cell lines are available to evaluate bacterial attachment-assays, quantifying 

adherence, which relates to colonization potential. Fermentation has been used for 

hundreds of years to preserve the safety of foodstuffs, these items include yogurt, beer, 

cheese and bread among others. Lactic acid bacteria are common organisms used to 

ferment foods. Lactic acid bacteria have been shown to shorten times of acute infectious 

diarrhea in children, making them strong candidates in the prevention of foodborne 

illness. Lactic acid bacteria inhibit competing bacterial attachment onto human intestinal 

cells through the production of weak organic acids, bacteriocins and other end-products, 

as well as competing for attachment sites. The purpose of this study was to analyze 

Lactobacillus salivarius (L28)’s potential to inhibit adherence of Salmonella and E. coli 

O157:H7 onto human epithelial colorectal adenocarcinomas. Human epithelial 

adenocarcinoma ATCC cell line Caco-2 was used, the cells were grown to confluency 

and seeded into 24-well plates. The target density for the caco-2 cells was 5.0 x 104 

cells/well. The treatment groups consisted of Salmonella control, E. coli O157:H7 
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control, L28 control, L28 and Salmonella co-inoculation and L28 and E. coli O157:H7 

co-inoculation. Samples were incubated at 37°C for 30min, the caco-2 cells were rinsed, 

detached and lysed. Samples were then plated for enumeration. Bacterial counts were 

reported as number of bacterial cells per 100 caco-2 cells. Results showed significant 

differences (P<0.05) between the Salmonella control and treatment means, showing 

significant reduction from our treatment. Escherichia coli O157:H7 attachment to caco-2 

cells did not differ between the control and treatment groups (P>0.05). Lactic acid 

bacteria attachment onto caco-2 cells was not significantly impacted (P>0.05) by the 

presence of Salmonella or E. coli O157:H7.  

Lactic acid bacteria play a significant role in the gastrointestinal tract of humans 

and animals, more research needs to be conducted to further understand the relationship 

between human health and gut microbiome. 

Introduction 

Salmonella is a gram-negative, non-spore forming, rod-shaped bacteria, which 

causes salmonellosis. Salmonella is responsible for an estimated 1.35 million illnesses in 

the U.S. yearly, resulting in 26,500 hospitalizations and 420 deaths (4). In the study 

conducted by Mead et al., non-typhoidal Salmonella was estimated to cause 9.7%, 25.6% 

and 30.6% of foodborne illnesses, hospitalizations and deaths caused by known 

foodborne pathogens, respectively (12). Scharff et al. estimated the economic cost of 

foodborne illnesses, and found that non-typhoidal Salmonellosis cost a mean of 11.4 

billion U.S. dollars every year in the U.S. (14). Salmonella is often associated with 

poultry (29%), eggs (18%), pork (12%) and beef (8%) (5). 
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Escherichia coli O157:H7 is a gram-negative, non-spore forming, rod-shaped 

bacteria, primarily transmitted to humans through contaminated foods such as raw 

produce, ground meat products and raw milk (17).  Mead et al. estimated that E. coli 

O157:H7 causes 62,458 foodborne illnesses every year in the U.S. . It was also found to 

cause approximately 0.5%, 3.0% and 2.0% of foodborne illnesses, hospitalizations and 

deaths, respectively (12). The estimated economic burden of E. coli O157:H7 is 635 

million U.S. dollars every year(14).   

Salmonella and E. coli O157:H7 are two of the “Big 5” highly infective food-

borne pathogens cited by the Centers of Disease Control and Prevention (CDC) and the 

U.S. Food and Drug Administration (FDA) (6). Although precautions and interventions 

have been put in place to reduce the incidence of Salmonella and E. coli O157:H7, their 

incidence throughout the years has not declined (3). Escherichia coli O157:H7 and 

Salmonella spp. have shown the ability to adhere to human intestinal cell lines, these cell 

lines are used to quantify attachment (8, 16). Attachment assays are often used as 

indicators of the pathogenic potential of bacteria (13). While measures have been put in 

place to prevent pathogenic contamination onto food products, such as the Food Safety 

Modernization Act (FSMA)  in 2011, new measures need to be taken to prevent 

foodborne infections.  

Lactic acid bacteria (LAB) are gram-positive, cocci, bacilli or rod-shaped bacteria 

that are ubiquitously present. They are generally recognized as safe by the FDA and are 

commonly present in the gastrointestinal tract of humans and animals. Lactic acid bacteria 

are commonly used as probiotics, which must successfully colonize the intestines by 

adhering to intestinal cells (10). The study by Szajewska et al. showed evidence that 
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lactobacilli, taken orally, benefitted children and infants in the treatment of acute infectious 

diarrhea (15). 

Lactic acid bacteria have shown to significantly inhibit the growth of Salmonella 

spp. and E. coli O157:H7 in vitro, as shown by Gómez et al. (7). Specifically, L28 

exhibited the highest combined score of pathogen reduction against Salmonella, E. coli 

O157:H7 and Listeria monocytogenes when co-cultured in a neutral medium. 

Lactobacillus salivarius (L28) also demonstrated adhesion to and low toxicity against 

human epithelial colorectal cells  (1). The purpose of this study is to analyze L28’s 

potential to displace and prevent adherence of Salmonella and E. coli O157:H7 to 

epithelial colorectal adenocarcinoma human cells.  

Materials and Methods 

Cell Culture Line 

The human epithelial colorectal adenocarcinoma cell line (Caco-2, ATCC® HTB-

37™) was used to evaluate the in vitro ability of lactic acid bacteria to adhere to and 

displace food-borne pathogens from the human gastrointestinal tract. The Caco-2 cells 

used were maintained in Eagle’s Minimum Essential Medium (EMEM, ATCC® 30-

2003™) along with 20% fetal bovine serum (FBS, ATCC® 30-2020™) and 1% of 

PenStrep (Thermo Fisher Scientific; 10,000U/mL of penicillin and 10,000µg/mL 

streptomycin, Waltham, USA). The cells were incubated in T-75 tissue culture flasks 

(Thermo Fisher Scientific, Waltham, USA) at 37°C with 5% CO2 inside of a water-

jacketed incubator until reaching confluency. The ATCC guidelines for subculture of 

caco-2 cells was followed.  



Texas Tech University, Jorge Franco, May 2020 

64 
 

Subculture procedure 

 Once the cells reached confluency (~3 days) they were subcultured into a new T-

75 tissue culture flask. The complete tissue medium was warmed for 20min at 37°C. The 

old culture medium was removed, and the cell layer was rinsed with 3mL 0.25% (w/v) 

Trypsin 0.53mM EDTA (ATCC®, 30-2101) solution to remove all traces of serum. 

Three milliliters of TrypsinEDTA was added, and the flask was incubated at 37°C for 

7min. The cells were observed under an inverted microscope to check for cell layer 

displacement. The cells were pipetted onto the corner of the flask to break up clumps of 

cells. Two-milliliters of the solution were transferred into a new T-75 flask along with 

18mL of complete tissue medium. The flask was then incubated at 37°C under 5% CO2 

until reaching confluency. 

Seeding procedure 

 The subculture procedure was followed as mentioned above, the remaining cell 

solution was transferred into a 15mL FalconTM centrifuge tubes (Thermo Fisher 

Scientific, Waltham, USA). The solution was vortexed vigorously, and 10µL of the 

solution was loaded onto a Neubauer chamber. The cells were quantified, and a master 

solution was created with a target concentration of 5.0 x 104 cells/mL using complete 

tissue medium. One milliliter aliquots of the master solution were added to each well of a 

24-well plate (VWR, Radnor, USA). The 24-well plate was then incubated at 37°C in 5% 

CO2 for 72h.  

Bacterial Strains 

 Lactic acid bacteria strain L28 was taken from the Texas Tech University 

International Center of Food Industry Excellence (ICFIE, Lubbock, USA) collection. The 
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isolate was preserved in cryobeads (CryoCareTM; Stamford, TX.) and stored at -80°C. 

The isolate was streaked three days prior to the start of the experiment onto de Man 

Rogosa and Sharpe (MRS) agar (Merck, Darmstadt, Germany), and incubated at 37°C for 

48 under aerobic conditions. Two well-isolated colonies were selected from the streaked 

plate and grown in 9-mL aliquots of MRS broth (Criterion, Hardy Diagnostics, 

California, USA) at 37°C for 18h under aerobic conditions with slight agitation to 

facilitate nutrient uptake (130rpm). 

Salmonella and E. coli O157:H7 isolates were taken and preserved as mentioned 

above. The isolates were streaked two days prior to the start of the experiment onto 

Tryptic Soy Agar (TSA, Becton, Dickinson, Le Pont de Chaix, France) and incubated at 

37°C for 24 hours. Two well-isolated colonies were taken from each isolate and grown 

individually in 9-mL aliquots of Tryptic Soy Broth (TSB; Becton, Le Pont de Chaix, 

France) at 37°C for 18h under aerobic conditions with slight agitation to facilitate 

nutrient uptake (130rpm).  

Caco-2 Experimentation 

After 72h of incubation, the 24-well plate was removed from incubation and the 

tissue medium was removed and replaced with pre-warmed antibiotic-free complete 

tissue medium. The wells consisted of Salmonella, E. coli O157:H7, L28, L28 and 

Salmonella co-inoculation and L28 and E. coli O157:H7 co-inoculation. The treatments 

and controls were conducted in duplicate technical repetitions and the experiments were 

carried out three times for three biological repetitions, with three blank control wells for 

bacterial and caco-2 quantification. Each control and treatment wells were inoculated/co-

inoculated with 10µL of the corresponding overnight cultures, while blank control wells 
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went untouched. Thirty minutes were allowed for attachment, the medium was then 

removed. Each treatment, control and one blank control well was rinsed with 1mL of 

phosphate-buffer saline (PBS, Thermo Scientific, Rockford, IL) twice to remove non- or 

loosely-adhered bacteria. One milliliter of ice-cold nuclease-free DI water was used to 

detach and lyse the caco-2 cells by pipetting up and down on the well to release adhered 

bacteria. The 1-mL was then transferred into 1.5mL-microcentrifuge tubes (Thermo 

Fisher Scientific, Waltham, USA) and vortexed to finish the lysing of the cells. The 

remaining two blank control wells were used for caco-2 quantification, the cells were 

detached and counted in a Neubauer chamber. 

The treatment and control samples were diluted in PBS and plated onto Xylose 

Lysine Tergitol 4 Agar (XLT4; Becton, Dickinson and Company), Sorbitol MacConkey 

agar (SMAC; Criterion, Hardy Diagnostics, California, USA), and MRS agar plates to 

enumerate Salmonella, E. coli O157:H7 and lactic acid bacteria respectively. The 

overnight cultures were diluted using PBS and plated to quantify the inoculum 

concentration. Xylose Lysine Tergitol 4 and SMAC plates were incubated at 37°C for 24 

hours under aerobic conditions, MRS plates were incubated at 37°C for 48h under 

aerobic conditions. 

Statistics model 

Bacterial counts were converted from Log(CFU/well) to CFU/100 caco-2 cells 

based on the caco-2 cell quantification from the blank control wells in every replicate 

(21,750, 34,000, 33,750 caco-2 cells/well). A one-way ANOVA was conducted, along 

with a post-hoc Tukey’s test to test for statistical differences between the controls and 

treatments groups. Comparisons between groups were made using R coding language (R 
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CoreTeam). The alpha value for this experiment was set as 0.05, 95% confidence 

intervals (CI) error bars were used on the figures presented. Each treatment and control in 

this experiment included three biological replicates each with two technical replicates.  

Results and Discussion 

 The average Salmonella counts for the control group was 12.2 ± 1.6 cells/100 

caco-2 cells . The L28 co-inoculation with Salmonella had an average Salmonella count 

of 9.0 ± 1.3 cells/100 caco-2 cells, showing an average reduction of 3.2 Salmonella cells 

per 100 caco-2 cells. The difference between the Salmonella counts for the control group 

and the Salmonella counts of the L28 and Salmonella co-inoculation was statistically 

significant (P=0.038).  

 The average E. coli O157:H7 counts for the control group was 36.5 ± 5.7 

cells/100 caco-2 cells, while the co-inoculation with L28 was 27.9 ± 6.0 cells/100 caco-2 

cells. This amounted for an average reduction of 8.6 E. coli O157:H7 cells per 100 caco-2 

cells. This difference did not amount to be statistically significant (P=0.11).  

 The LAB counts of the L28 control and co-inoculation with Salmonella and E. 

coli O157:H7 groups. The average count for the control was 1,218 ± 423 cells/100 caco-2 

cells, the co-inoculation with Salmonella yielded an average of 1,409 ± 425 cells/100 

caco-2 cells and the E.coli O157:H7 yielded an average of 1,082 ± 323 cells/100 caco-2 

cells. All of the L28 counts for the control and co-inoculation groups were statistically 

comparable to each other (P>0.05). 

 These results suggest that L28 is effective at significantly reducing Salmonella 

attachment onto human epithelial colorectal cells. While the L28 treatment reduced 

attachment onto epithelial colorectal cells by 23.5% when compared to the control, this 
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was not statistically significant. It was also noted that Salmonella exhibited significantly 

lower attachment (P<0.05) than E. coli O157:H7 and L28 control groups, the latter 

having significantly more attachment (P<0.05) than E. coli O157:H7.  

 Various studies have found both similar and differing attachment of LAB, 

Salmonella, and E. coli O157:H7 onto caco-2 cells (2, 13). In the study by Lee et al., 

other Lactobacillus species (Lactobacillus casei and Lactobacillus rhamnosus) showed 

similar attachment onto caco-2 cells. The study also showed differences, as their LAB 

strains were able to successfully inhibit (P<0.05) attachment of generic E. coli (10). 

Shiga-Toxigenic E. coli  have been observed to reach a higher attachment count on caco-

2 cells when compared to Salmonella, finding similar to the results in our investigation 

with E.coli O157:H7 (13).  It is important to note that many factors need to be addressed, 

as the study by Jankowska et al. found that inhibition of Salmonella with LAB depends 

on time of adhesion, stage of caco-2 differentiation and whether the Salmonella or LAB 

was exposed first (9). Lehto et al. suggest their observed reduction was caused merely by 

the change of pH from the LAB culture on MRS broth as their acidified MRS broth 

treatment yielded similar results to the LAB treatment (11).  

Conclusion 

 Lactic acid bacteria have exhibited the ability to compete for attachment on 

binding site of human epithelial colorectal cells against enterobacteria. This brings 

attention towards the use of probiotics to prevent pathogenic bacterial attachment onto 

intestinal mucosa. Studies have shown that probiotic LAB strains are capable of 

inhibiting attachment of pathogens, with the mechanism of action being unknown. It is 
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speculated that competition for attachment sites causes the reduction, along with the drop 

in pH that LAB are known for.  

 Overall L28 shows promise for use in the food and animal feed industry as a 

probiotic. It has shown inhibitory properties towards multiple foodborne pathogens, 

ability to adhere onto caco-2 cells, low toxicity towards caco-2 cells while carrying a low 

number of virulence and antimicrobial resistance genes. (1).  
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Figure 5. Salmonella and E. coli O157:H7 attachment per 100 caco-2 cells (N = 12) 
a Means without common letters differ within control and treatment groups; P<0.05 

* Sal- Salmonella spp., E.C.- Escherichia coli O157:H7, L28- Lactobacillus salivarius    
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Figure 6. Lactic acid bacteria attachment per 100 caco-2 cells (N = 9) 
a Means without common letters differ within control and treatment groups; P<0.05 

* Sal- Salmonella spp., E.C.- Escherichia coli O157:H7, L28- Lactobacillus salivarius  
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